This work reports the physico-chemical characterization of 21 exopolysaccharides 22 (EPS) produced by Lactobacillus and Bifidobacterium strains isolated from the human 23 intestinal microbiota, as well as the growth and metabolic activity of the EPS-producing 24 strains in milk. The strains belong to the species Lactobacillus casei, Lactobacillus 25
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rhamnosus, Lactobacillus plantarum, Lactobacillus vaginalis, Bifidobacterium animalis, 26
Bifidobacterium longum and Bifidobacterium pseudocatenulatum. The molar mass 27 distribution of EPS fractions showed two peaks of different sizes, which is a feature shared 28 with some EPS from bacteria of food origin. In general, we have detected an association 29 between the EPS-size distribution and the EPS-producing species, although due to the low 30
number of human bacterial EPS tested we cannot establish a conclusive correlation. The main 31 monosaccharide components of the EPS under study were glucose, galactose and rhamnose, 32 which are the same than those found in food polymers; however rhamnose and glucose ratios 33 was generally higher than galactose in our human bacterial EPS. All EPS-producing strains 34 were able to grow and acidify milk; most lactobacilli produced lactic acid as the main 35 metabolite. The ratio lactic/acetic acid in bifidobacteria was 0.7, close to the theoretical one, 36 indicating that they did not produce an excessive amount of acetic acid that could adversely 37 affect the sensory properties of fermented milks. With respect to the viscosifying ability, L. 38 plantarum H2 and L. rhamnosus E41 and E43R were able to increase the viscosity of stirred 39 fermented milks at a similar extent to the EPS-producing Streptococcus thermophilus strain 40 used as positive control. Therefore, these human EPS-producing bacteria could be used as ranges. The percentage of each peak was calculated with respect to the total amount of peaks 126 detected in each EPS fraction (g peak range x 100)/ (g total peaks). 127
Monosaccharide Composition of EPS Fractions 128
The EPS fractions were hydrolyzed with 0.15, 1.5 or 3 M trifluoroacetic acid for 1 h at 129 121ºC. The products were converted into their corresponding alditol acetates and then identified 130 and quantified by gas-liquid chromatography (GLC), with inositol as the internal standard (IS). 131
The neutral sugars composition was determined in an Autosystem instrument (Perkin Elmer, 132
Norwalk, CT, USA) equipped with a flame ionization detector, using a TR-CN100 capillary 133 column (30 m x 0.25 mm, 0.2 m film thickness) and a temperature program from 210ºC (1 134 min) to 240ºC (ramp rate of 15ºC per min, final temperature during 7 min) employing He as gas 135 carrier. Injection was performed in the split mode (split ratio 50:1). The percentage of each 136 monosaccharide was calculated with respect to the total monosaccharide content. For amino-137 sugars identification, sample components were analyzed by GC-MS in an Agilent 7980A-5975C 138 instrument (Agilent Technologies Inc., Palo Alto, CA, USA), using a HP-5 column (30 m x 0.25 139 mm, 0.2 m film thickness) and a temperature program of 170 to 210ºC, 1 min initial hold, 2 ºC 140 per min ramp rate. Peaks were identified on the basis of the sample coincidence with relative 141 retention times of commercial standards and by their mass spectra. 142
Growth of EPS-producing Strains in Milk 143
Commercial pasteurized milk (Central Lechera Asturiana, Asturias, Spain) was 144 purchased from the supermarket and was supplemented with 1% Difco skimmed milk 145 (Becton Dickinson, MD, USA) and 0.2% yeast extract (Biokar) giving a total solid content of 146 8 cultures of each strain were washed twice with sterile PBS buffer pH 7.0 and were separately 148 employed to inoculate (2%) 500 mL of pasteurized milk. The inoculated milks were incubated 149 overnight (17± 1 h) in a water bath at 37ºC and, at the end, a sample was collected in sterile 150 conditions for bacterial counting and pH measurements. Afterwards, the fermented milks 151 were cool-down to approximately 18ºC with running tap water, then they were stirred 20-152 times up and down with a spoon and stored overnight at 4ºC. Three replicated batches of 153 fermented milks were carried out for each strain. 154
For bacterial counts, serial dilutions of cultured milks were made in Ringer's solution 155 (Merck, Darmstadt, Germany) and deep-plated on agar-MRSC or agar-M17. The plates were 156 incubated at 37ºC during 3 days under anaerobic conditions for Lactobacillus and 157
Bifidobacterium and under aerobic conditions for S. thermophilus. Counts were expressed as 158
Log cfu/g and the increase of the Log units during milk fermentation was calculated. 159
160

Isolation of EPS from Cultured Milk and Apparent Viscosity of Stirred-Fermented 161
Milks 162
The EPS fraction was isolated from milks cultured with the human origin EPS-163 producing strains. Briefly, 40 g of cultured milk was mixed with TCA solution (12% final 164 concentration) and strongly stirred for 45 min at room temperature. Precipitated bacteria and 165 proteins were removed by centrifugation (10000g, 4ºC, 30 min) and the pH of supernatant 166 was raised to 4.5±0.5. Finally, supernatants were intensively dialyzed and freeze-dried as 167 described in the previous paragraph. Given that the yeast extract added to milk could be a 168 source of polysaccharides (mainly gluco-and galacto-mannans), the same procedure was 169 employed to obtain the precipitated-fraction of uncultured supplemented pasteurized milk. 170
The EPS yield (mg/100 mL of whey) of each strain growing in milk was calculated after 171 uncultured milk. 173
The apparent viscosity of stirred-fermented milks was measured using the Posthumus 174 funnel (Hellinga et al., 1989). The funnel was filled with approximately 450 g of stirred-175 fermented milk and the time (s) taken to pass the mark inside the funnel was recorded. The 176 measurements were carried out in a chamber refrigerated at 4ºC. 177
Lactose Consumption and Organic Acids Production in Fermented Milks 178
The same HPLC chromatographic system described before was employed to quantify 179 the lactose consumption and organic acid production in fermented milks. Samples for HPLC 180 analysis were prepared as follows: 5 g of cultured milk was mixed with 20 mL of 9 mN 181 H 2 SO 4 , kept at 37ºC with constant shaking for 2 h and, after centrifugation (10000g, 20 min), 182 supernatants were filtered through filter paper. The sample separation was carried out in an 183
ICSep ION-300 ion-exchange column (Transgenomic, San Jose, CA, USA) using 8.5 mN 184 H 2 SO 4 as mobile phase at 65ºC and with a flow rate of 0.4 mL/min. Lactose was detected by 185 using the RI detector and the organic acids by using the PDA detector set at 210 nm. For 186 quantification, the regression equations (R 2 0.99) were calculated using different 187 concentrations of the corresponding standards purchased from Fluka-Sigma. Results were 188 expressed as mM. 189 
Production of Volatile Compounds in Fermented Milks
RESULTS AND DISCUSSION 210
Characterization of EPS Produced by Human Bifidobacterium and Lactobacillus Strains 211
A broad MM distribution, ranging from about 10 3 to 5x10 6 Da, of the EPS fractions 212 isolated from agar-MRSC plates of Bifidobacterium and Lactobacillus strains from human 213 intestinal origin was detected. In addition, within each EPS-fraction more than one peak 214 varying in size was monitored (Table 1) can not discard a partial hydrolysis of our EPS after incubation of the producing bacteria in 251 the surface of agar-MRSC for 5 days. In fact, we were able to cultivate in MRSC broth the 252 biomass collected from solid medium after this period. However, part of the microbial 253 population could have become not viable or even dead and thus releasing glycolytic enzymes. 254
In spite of this, a relative long incubation period (5 days) has been used in our case due to the 255 generally slow growth of strains from human origin and the need for obtaining optimal 256 biomass production in order to provide enough EPS for their physico-chemical 257
characterization. 258
Regarding the chemical composition (Table 1) be careful when using laboratory media for analyzing EPS produced by intestinal bacteria. In 284 fact, environmental conditions of laboratory and gut are drastically different and it is known 285 that culturing conditions have a major influence on the type of EPS produced. Hence 286 differences in EPS maybe expected between that found in our study and that actually 287 produced in the gut environment by the same strain. 288 289
Growth and Metabolic Activity of Human Origin EPS-producing Strains in Milk 290
The EPS-producing strains isolated from human microbiota were grown in 291 pasteurized milk supplemented with 0.2% of yeast extract which was added for increasing the 292 available nitrogen source in order to allow these strains to grow in milk as single cultures. The 293 pH values and the increase of the Log cfu/g after 17±1h of incubation at 37ºC are depicted in 294 Figure 1 . The initial pH of milk was 6.5±0.2 and all lactobacilli were able to decrease the pH 295 longum L55 and E44 that displayed lower values and those made with B. animalis C64MRa 298 and E43 which were above 5.0. Regarding the ability to grow in milk, all bacteria increased 299 their counts more than 1.5 Log cfu/g with respect to the initial levels. Among lactobacilli, L. 300 casei strains reached the highest counts followed by L. rhamnosus and L. plantarum. 301
Remarkably, several Bifidobacterium strains were able to increase their counts more than 2.5 302 Log units. Contrary to that expected, B. animalis strains showed the poorest ability to grow in 303 milk which was in accordance with their low capacity to produce organic acids. 304 The apparent (Posthumus) viscosity of milks cultured with some human EPS-340 producing strains, as well as the amount of EPS-fraction purified from the fermented milks, is 341 presented in Table 3 . The amount of the EPS produced in milk by the strains under 342 characterization was low. It is worthy to mention that this value could have been 343 underestimated due to the subtraction of the precipitated fraction from the uncultured milk. 344
However, this was necessary in order to avoid the quantification of possible polysaccharides 345 coming from the small amount of yeast extract added to the milk that could be co-precipitatedduring the EPS purification process. In general, the viscosity intensifying capability of the 347 human origin strains was very scarce and most strains showed values of apparent viscosity 348 lower than 35 s (data not shown). Only three of our lactobacilli strains conferred to the 349 fermented milks a smooth and creamy consistency comparable to that of the EPS-producing 350 S. thermophilus strain used as control (Table 3) . These were L. rhamnosus E41 and E43R and 351 L. plantarum H2. Interestingly, the same strains were also able to increase the apparent 352 viscosity of the stirred fermented milks, although their values were lower than that of S. Our EPS-producing strains from human origin presented higher rhamnose content 374 than strains of food origin previously studied by other authors. In a future this characteristic 375 could be correlated with a putative biological effect at intestinal mucosa level. Nowadays, it is 376 not possible to reproduce in the laboratory the gut conditions in order to be able to study the 377 EPS production in this environment. Thereby, the use of laboratory media is a valuable 378 technique to undertake the preliminary characterization of polymers from new origin. 379
However, given the influence of the culturing conditions on both MM and chemical 380 composition of EPS, the characterization of EPS produced in the gut environment remains as 381 a challenge for the future. 382
For dairy industry applications, it is important to know the growth capability and the 383 metabolic activity of these microorganisms in milk. Our study indicates that three EPS-384 producing lactobacilli, L. rhamnosus E41, L. rhamnosus E43R, and mainly L. plantarum H2, 385 could have good technological properties. They all grew and acidified milk and, additionally, 386 they were able to increase the viscosity and to confer a desirable texture to the fermented 387 product. Most bifidobacteria were able to grow and acidify milk without producing an 388 excessive amount of acetic acid which would not be a desirable sensory characteristic in 389 fermented milks. Therefore, both lactobacilli and bifidobacteria could be used as adjuncts in 390 C64MRa  E43  H73  L55  H67  E44  A102  C52  E515  E63  H34  ST-body-1  BA61  E51  F72  E41  E43R  C64MRb  E112  G62  H2 
